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Introduction  
 
The widespread use of screening mammography has resulted in a ten fold increase in the incidence of 
ductal carcinoma in situ (DCIS) over the past twenty years, from 4800 cases in 1983 to more than 
50,000 cases in the US in 2003 (1-3). This accounted for 18.3% of all newly diagnosed breast tumors, 
and 23% of newly diagnosed breast tumors in women 40-49 years of age in 2003 (2,3). However, the 
fraction of women with DCIS who eventually progress to invasive breast cancer is small (4-6).  A 
Danish autopsy study found that 25% of women had in situ carcinomas, including DCIS, at their death, 
although the lifetime risk of developing breast cancer during the same period was only 1% (7).  
Similarly, only 32% of women whose DCIS was misdiagnosed as normal, and so did not receive 
treatment, went on to develop invasive carcinoma within 30 years of their biopsy (8,9). Less than 2% of 
women with DCIS die from breast cancer within ten years of diagnosis (10). Taken together, these 
results imply that up to two-thirds of women with DCIS would not progress to invasive cancer, even 
without treatment. Unfortunately, currently available prognostic markers are unable to discriminate 
between DCIS that will and will not progress, so many women receive aggressive treatments that may 
be unnecessary. Currently, 97.5% of women with DCIS in 1999 had some type of surgery, of which 
28% had radical mastectomies (11). In the March, 2004 issue of the Journal of the National Cancer 
Institute, Baxter et al (11) wrote: “The potential for preventing invasive breast cancer is important, yet 
the risk for over treatment is a clinically significant concern”. In an accompanying editorial, Dr. 
Morrow comments on barriers to developing meaningful therapeutic guidelines (12). She writes:  
 
“The first of these is our inability to identify which DCIS lesions will progress to invasive carcinoma, 
and in what time interval. Conventional prognostic factors, such as patient age and tumor grade, 
subtype, and size, provide information on the time course of local recurrence and the magnitude of risk 
reduction achieved with radiotherapy, but these factors do not identify those women who will have a 
disease recurrence with potentially life-threatening invasive cancer. Efforts to identify a molecular 
signature for DCIS lesions that will recur as invasive carcinoma are of enormous interest…” 
 
Using an innovative, quantitative assay for telomere DNA content (TC) developed and characterized by 
the PI (13-17), we have recently shown that TC in tumor tissue is associated with cancer-free survival in 
women with breast cancer (18). The purpose of this investigation is to determine whether TC can be 
used similarly to predict the likelihood of disease progression in women with DCIS.  

 
Body 
 
Tasks: The agreed upon tasks to be completed during the first year of the IDEA Award were:  
 
Aim One: We will compare TC measured in bulk DCIS tumor tissue to TC measured in tumor epithelial 
cells that have been stripped of stromal cells and connective tissue by laser-capture microscopy.  

 
Task 1  Months 1-6  Obtain 30 random archival specimens of DCIS. 
Task 2 Months 2-12 Extract DNA from bulk DCIS samples and measure telomere DNA 

content (TC). Divide study group into thirds, based on TC.  
Task 3 Months 4-12 Use laser capture microscopy to purify tumor epithelial cells from stromal 

and cells and connective tissues in the 10 samples comprising the middle third of the 
study group. 

Task 4 Months 6-12 Extract DNA from purified epithelial cells and measure TC. Compare TC 
in bulk DCIS tissue to purified tumor epithelial cells. 

 
Aim Two: The data from aim one will be used to guide the study design for the second aim, in which 
we will perform a retrospective study of the association between TC and time to disease recurrence in 
women with DCIS.  
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Task 5  Months 1-6 Design search parameters for NMTR database and identify 120 members  
  of study group. 
Task 6  Months 1-6 Establish data base of patient records 
Task 7  Months  3-24 Obtain tissue blocks and cut new sections. 
Task 8 Months 12-30 Extract DNA from 120 bulk specimens of DCIS or enriched epithelial 

cells, depending on the outcome of Aim One, and measure TC. 
 
Progress Relative to Tasks: 
 
Tasks 1 and 2 have been completed (Figure 1) 
 
 
 
 

 
 
 
 
Figure 1. Distributions of Telomere DNA Contents (TC) in 97 Specimens of Bulk DCIS Tissues. 
TC is shown on the y-axis, and is expressed as a percentage of TC in placental DNA standard, measured 
in parallel. The 10th and 90th quantiles are shown as lines above and below the box. The line across the 
diamond represents the group mean. The height of the diamond represents the 95% confidence interval 
for the group. 
 
 
Tasks 3 and 4 are partially complete. To minimize possible delays resulting from tissue acquisition, we 
initially collaborated with Dr. Colleen Fordyce to measure TC in 10 pairs of bulk DCIS tissue obtained 
from her laboratory (Figure 2). In 7/10 instances, TC in the microdissected specimens was 72-112% of 
that in the undissected control.  The difference in TC in bulk and microdisected tissue was relatively 
constant (median 85%).We are currently confirming and extending these results in our own laboratory, 
with our own instrumentation. However, the initial data imply that it will not be necessary to 
microdissect or otherwise fractionate DCIS specimens prior to TC analysis.  
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Figure 2. Distributions of Telomere DNA Contents (TC) in Ten Pairs of Microdissected and Bulk 
DCIS Tissues. TC is shown on the y-axis, and is expressed as a percentage of TC in placental DNA 
standard, measured in parallel. The line across the middle of each box shows the group median and the 
quartiles (25th and 75th percentiles) as its ends. The 10th and 90th quantiles are shown as lines above 
and below the box. The line across each diamond represents the group mean. The height of each 
diamond represents the 95% confidence interval for each group. 
 
 
Tasks 5 and 6 have been completed.  
 
Tasks 7 and 8 are ongoing. We have obtained 97 samples of DCIS tissue from women with 4-9 years of 
continuing follow up, have purified DNA, measured TC, and compared these data to TC measured in 
invasive breast tumors (Figure 3). Non-parametric Rank Sums (Kruskal-Wallis) test demonstrates a 
statistically significant difference between the mean TC in DCIS tissue and either invasive or metastatic 
cancers (p<0.0001). The New Mexico Tumor Registry is currently working to identify another 120 
specimens of DCIS from women with longer follow up, including as many as possible who had 
recurrent disease.   
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Figure 3. Distributions of Telomere DNA Contents (TC) in DCIS, Invasive and Metastatic Breast 
Tumors. TC is shown on the y-axis, and is expressed as a percentage of TC in placental DNA standard, 
measured in parallel. The number of specimens in each tissue set (N) is indicated below the set 
designation on the x-axis. The line across the middle of each box shows the group median and the 
quartiles (25th and 75th percentiles) as its ends. The 10th and 90th quantiles are shown as lines above 
and below the box. The line across each diamond represents the group mean. The height of each 
diamond represents the 95% confidence interval for each group.  
 
 
KEY RESEARCH ACCOMPLISHMENTS 

• Laser capture microscopy was used to microdissect 10 specimens of DCIS tissues. 
• Telomere DNA content has been analyzed in 10 pairs of bulk and microdissected DCIS tissues.  
• Telomere DNA content has been analyzed in 97 specimens of  bulk DCIS tissues.  
• Search parameters for the subject cohort for the future retrospective investigation have been 

designed and submitted to the New Mexico Tumor Registry. 
• Tissue procurement has been initiated. 

 
REPORTABLE OUTCOMES 

• A database has been produced that contains anonymous patient histories, including age at 
diagnosis, ethnicity, treatments, tumor stage, estrogen and progesterone receptor status, tumor 
size, length of disease free survival or date and cause of death and diagnosis. 

• DNA banks from DCIS, Invasive and metastatic breast tumor tissues have been produced. 
• Initial data from this investigation (contained in Figures 1 and 3) is included in one paper that is 

in press and a second manuscript that is in preparation.  
 
CONCLUSIONS 

• Prior studies show that telomere DNA content (TC) is a novel and independent prognostic 
marker in breast tumors.  The data obtained thus far indicate that meaningful TC measurements 
can be obtained with bulk DCIS tissues and that TC is associated with tumor stage. This suggests 
that TC in DCIS tissue may have similar prognostic value.  
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